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Autosomal dominant (AD) 
a: Wild type (Wt) allele 
A: Mutant allele 
 
aa: Normal phenotype 
Aa: Affected (heterozygous) 
AA: Affected (homozygous) 
 
 Frequency: 
                       f(aa) > f(AA) + f(Aa) 
                       f(Aa) > f(AA) 
2 
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Autosomal dominant  
AA × AA       →     AA (all) 
AA × Aa       →     AA : Aa 
Aa × Aa       →     AA :  Aa :  Aa :  aa  
 
 
AA        ←        (AA × AA)  or (AA × Aa) or (Aa × Aa) 
 
Aa        ←        (AA × Aa)  or (Aa × Aa) or (AA ×  aa) or (Aa ×  aa) 
4 
Achondroplasia 
• A skeletal disorder of short-limbed dwarfism and large 
head size. 
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                      Achondroplasia 
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Huntington disease (HD) 
 A neurodegenerative disease 
characterized by progressive 
dimentia and abnormal 
movements. 
 
 
 
 ( Same clinical expression in both 
homozygotes and heterozygotes ) 
 
 
7 
Huntington disease (HD) 
 
8 
Some Disorders with 
AD inheritance 
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Familial Hypercholesterolemia (FH) 
• Premature coronary hearth 
disease 
 
• Mutation in LDL receptor gene 
 
12 
FH 
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Autosomal recessive (AR) 
A: Wt 
a: M 
 
AA: Normal phenotype 
Aa: Normal (carrier) 
aa: Affected 
 
 Frequency: 
                      f(aa) < f(AA) + f(Aa) 
                       f(Aa) < f(AA) 
14 
Autosomal recessive 
Aa × Aa    →       AA : Aa : Aa : aa  
aa × aa    →       aa (all) 
Aa × aa    →       Aa : aa 
15 
16 
Cystic Fibrosis (CF) 
17 
Tay-Sachs disease ( GM2-Gangliosidosis ) 
Affected infants appear 
normal until about 3-6 
months of age but then 
gradually undergo 
progressive neurological 
deterioration until death at 
2-4 years. The effects of 
neuronal cell death can be 
seen directly in the form of 
so-called cherry-red spot in 
the retina. 
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 Pseudodominance  in  Autosomal  
Recessive Inheritance  
Occasionally matings between an 
unaffected heterozygote and an 
affected homozygote are observed. 
One parent is affected, and the 
expected segregation ratio among 
children is 1:1. Since this segregation 
pattern mimics that found with 
dominant inheritance, this situation is 
aptly named “pseudodominance.” 
Fortunately for genetic analysis, such 
matings are  
very rare.  
20 
Genetic heterogeneity 
# Allelic 
 
# Locus (Non-allelic) 
(Harris, 1953; Fraser,1956) 
An apparently uniform phenotype being caused by two or more different genotypes. 
A particular phenotype may be caused by 
mutations at different loci (locus 
heterogeneity) or by different mutant 
alleles at the same locus (allele 
heterogeneity). 
21 
Allelic heterogeneity 
• Allelic heterogeneity is the phenomenon in which different mutations at 
the same locus causes a similar phenotype. For example, β-thalassemia may be 
caused by several different mutations in the β-globin gene. 
 
• Wt: ---------------------------------A------------------------------------C------------------- 
 
• M1: --------------------------------G------------------------------------C------------------- 
 
• M2: --------------------------------A-------------------------------------T------------------- 
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Locus heterogeneity 
• Locus heterogeneity is a single disorder, trait, or 
pattern of traits caused by mutations in genes at 
different chromosomal loci. 
23 
Locus Heterogeneity 
Retinitis Pigmentosa 
• A common cause of visual impairment due to 
photoreceptor degeneration associated with abnormal 
pigment distribution in the retina. 
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Locus Heterogeneity 
Ehlers-Danlos syndrome 
  
 
 
I. AD 
II. A 
III. X-linked 
 
      ( more than 10 different loci ) 
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Ehlers-Danlos syndrome 
• Skin and other connective tissues may be exclusively elastic or 
fragile because of an underlying defect of collagen structure. 
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Locus Heterogeneity 
Osteogenesis 
Imperfecta 
                                             
I. Chr.17 
                                            
II. Chr.7 
 
A group of inherited 
disorders of type1 
collagen that 
predispose a patient to 
easy fracturing of 
bones, even with little 
trauma, and to skeletal 
deformity. 
31 
Osteogenesis Imperfecta 
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Compound  Heterozygotes  
 
35 
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X-Linked dominant (XD, XLD) 
a: Wt  
A: M 
 
 
 
 
 Frequency: 
                      f(XAXA)  + f(XAXa) = 2 f(XAY)   
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  Male Female 
XAY: Affected 
XaY: Normal 
XAXA: Affected (Homozygous) 
XAXa: Affected (Heterozygous) 
XaXa: Normal 
XAY (Affected) ×  XaXa (Normal) 
                  ↓ 
 ♂: XaY (Normal) ; ♀: XAXa (Affected) 
 
 
 
XaY (Normal) ×  XAXa (Affected)  
                   ↓ 
♂: XaY (Normal) : XAY (Affected) ; 
♀: XAXa (Affected) : XaXa (Normal) 
 
 
 
 
♀ XAXa (Affected)  
↑ 
Affected father  or   Affected mother 
 
 
♂ XAY (Affected)  
↑ 
Affected mother 
 
 
X-Linked dominant 
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 X-Linked  Dominant  Inheritance  with  
Lethality of the Male Hemizygotes 
 
40 
Incontinentia Pigmenti type 2 (IP2) 
• Skin rash that begins in 
infancy 
• Progress to thickening and 
hyperpigmentation 
• Eventually, scarring and 
thinning 
• Microcephaly 
• Mental retardation 
• Small or absent teeth 
• Loss of hair 
 
 
• Occures exclusively in 
females (is lethal in 
hemizygote males) 
 
 
41 
IP2 
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X-Linked recessive (XR, XLR) 
A: Wt  
a: M 
 
 
 
 
Frequency: 
                  f(XAXA) > f(XAXa) 
                        f(XaY) = √ f(XaXa) 
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  Male Female 
XAY: Normal 
XaY: Affected 
 
XAXA: Normal  
XAXa: Normal (Carrier) 
XaXa: Affected 
XAY (Normal) × XaXa (Affected)  
                   ↓ 
♀ : XAXa (Carrier) ; XaY  (Affected) 
----------------------------------------------------------------------------- 
 XAY (Normal) × XAXa (Carrier)  
                   ↓ 
♀ : XAXA (Normal) : XAXa (Carrier) ; 
♂ : XAY (Normal) : XaY (Affected) 
----------------------------------------------------------------------------- 
 XaY (Affected) × XAXA (Normal) 
                     ↓ 
♀ : XAXa (Carrier) ; ♂ : XAY (Normal) 
 
XaXa  
↑  
♂ XaY (Affected) 
 
 
 
XaXa 
↓ 
XaY (Affected) 
X-Linked recessive 
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Hemophilia A 
• Royal ( classic ) Hemophilia 
 
• Deficiency of factor VIII : 
                                          
<1%    Severe 
                                          
2-5%   Moderate 
                                        
5-30%   Mild 
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Hemophilia B 
CHRISTMAS DISEASE 
• Deficiency of factor IX 
 
 
 
 
• Both are characterized by 
bleeding into soft tissues, 
muscles, and weight 
bearing joints. 
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Duchene Muscular Dystrophy (DMD) 
50 
DMD 
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Antagonizers 
• New mutation 
• UPD (Uniparental disomy) 
• LOH (Loss of heterozygosity) 
• Non-Paternity 
• Reduced penetrance 
• X-inactivation (Manifesting heterozygote) 
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Reduced penetrance 
• Penetrance in genetics is the proportion of individuals carrying a particular 
variant of a gene (allele or genotype) that also express an associated trait 
(phenotype). In medical genetics, the penetrance of a disease-causing 
mutation is the proportion of individuals with the mutation who exhibit 
clinical symptoms. For example, if a mutation in the gene responsible for a 
particular autosomal dominant disorder has 95% penetrance, then 95% of 
those with the mutation will develop the disease, while 5% will not. 
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Variable expressivity 
• Although some genetic disorders exhibit little variation, most have signs and 
symptoms that differ among affected individuals. Variable expressivity refers to the 
range of signs and symptoms that can occur in different people with the same genetic 
condition. For example, the features of Marfan syndrome vary widely— some people 
have only mild symptoms (such as being tall and thin with long, slender fingers), while 
others also experience life-threatening complications involving the heart and blood 
vessels. Although the features are highly variable, most people with this disorder 
have a mutation in the same gene ( FBN1). 
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Marfan syndrome 
57 
Neurofibromatosis type I (NF1) 
 (Von-Recklinghausen disease) 
• Growth of neurofibromas 
in skin 
• Café-au-lait spots 
• Lisch nodules 
• Mental retardation 
• CNS tumors 
• Development of cancer of 
the nervous system or 
muscle 
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NF1 
60 
NF1 
61 
 NF1 
62 
 NF1 
 
63 
  
NF1 
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Causalty 
1. Environmemtal factors 
 
2. Modifier genes: 
Epistasis is the phenomenon where the effects of one gene are modified by one or 
several other genes, which are sometimes called modifier genes. The gene whose 
phenotype is expressed is called epistatic, while the phenotype altered or suppressed is 
called hypostatic. Epistasis can be contrasted with dominance, which is an interaction 
between alleles at the same gene locus. 
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 Modifying Genes in the AB0 Blood  
Group System  
The best analyzed examples of modifying genes are 
offered by the AB0 blood group systems. Occurrence of 
the ABH antigens in saliva (and other secretions) 
depends on the secretor gene Se.  
 
Homozygotes se/se are nonsecretors;  
heterozygotes Se/se and homozygotes Se/Se are 
secretors.  
Hence, se is a recessive suppressor gene. 
 
 Bhende et al. discovered a phenotype in 1952 which 
they called “Bombay”. The erythrocytes were not 
agglutinated either by anti-A, anti-B or anti-H. 
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Holandric inheritance 
 Y-linked 
 Male to male inheritance 
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Holandric trait 
 
68 
Mitochondrial inheritance 
 
• Maternal inheritance 
 
• Cytoplasmic inheritance 
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• Homoplasm 
 
• Heteroplasm 
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• Sex-limited traits 
 
• Sex-influenced traits 
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Uniparental disomy (UPD) 
• In 1980 Eric Engel of the University of Geneva published a paper in 
which he discussed the possibility of having a chromosomal pair 
derived from only one parent. He termed this possibility “uniparental 
disomy” (UPD).  
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Mechanisms of UPD 
• Trisomy rescue: the loss of a chromosome from an initial trisomy 
 
• Gamete  complementation: a  mechanism  by which a nullisomic 
gamete meets a disomy gamete. This mechanism implies two 
errors, one in each sex 
 
• Rescue of a monosomy: the duplication of a singly inherited 
chromosome  
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Phenotypic Consequences of UPD  
• Duplication of autosomal recessive alleles: In  isodisomy, two 
copies of a mutant allele would result in the disease phenotype. In 
the originally described case of maternal UPD7, cystic fibrosis was 
due to two maternally derived copies of the Gly542Ter mutation of 
the CFTR genes (the mother in that case was a heterozygous 
carrier of this mutation). 
 
• Parental imprinting effects  
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Human Disorders Involving UPD 
• (a) Prader-Willi syndrome (matUPD15); 
• (b) Angelmann syndrome (patUPD15);  
• (c) Beckwith-Wiedemann syndrome (patUPD11p15);  
• (d) neonatal transient diabetes mellitus in patUPD6;  
• (e) maternal and paternal UPD14 syndromes;  
• (f) some cases of Russell-Silver syndrome (matUPD7). 
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Genomic Imprinting 
Prader-Willi Syndrome (PWS) Angelman Syndrome (AS) 
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PWS vs AS 
• del 15 q11-13 
 
   del 15 P        PWS 
   del 15 M        AS 
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